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Clearly, mean brood size at fledging is a valid measure of reproductive success only if survival to breeding age is similar among all segments of the fledgling population. This assumption is often made, but rarely justified. While offspring recruitment into the breeding population is the best available measure of annual reproductive success, sample sizes are usually too small to make meaningful comparisons. Perrins (1965) used survival to at least 3 months of age as an alternative measure to recruitment. His conclusions were based on the percentage of banded fledglings retrapped or recovered at least 3 months after fledging and included both individuals captured during the winter and those trapped as breeding birds on Hatching of the eggs within the clutch is highly synchronized (Syroechkovsky 1975, Cargill and Cooke 1981) . At the time of hatch, goslings are marked with small individually numbered metal web-tags, which allow for subsequent identification. From 1976 onwards, the web-tag code also indicated the year in which the tag was applied, because it was realized that the legible tags often remained in the web for several years. Approximately 5,000-6,000 goslings are web-tagged each year. Some of these are subsequently rounded up, captured, and banded shortly before fledging (about 6 weeks post hatch). These birds receive individually identifiable colored leg bands so that if they return to the colony, they can be identified at a distance. Not all recruits that return to the breeding colony are recognized as such. A bird that carries a web-tag but no color band will not be recognized at a nest. Similarly, a bird whose nest fails early in the nesting period will be neither seen nor recaptured. For this reason, we define the term recruitment as the number of recruits detected from a particular cohort (i.e. age class) relative to the number of goslings of that age class that were web-tagged. This value is inevitably considerably smaller than the true frequency of recruits. When goslings are divided into three groups (those from early-, mid-, and late-hatching nests), the detected recruitment rate of each group is measured relative to the number of web-tags applied to that group. There is no reason to believe that the detectability of recruits differs among early-, mid-, and late-nesting birds.
RESULTS
In Snow Geese, strong female natal philopatry combined with a lack of male natal philopatry (Cooke et al. 1975 ) means that the vast majority of the recruits from the natal cohorts are female. In the following analyses we are therefore concerned only with female recruits. To assess whether or not there is any relationship between the timing of reproduction and detected recruitment rates, each hatching period (10-12 days in length) was divided into three approximately equal time periods (early-, mid-, and late-hatch). Because hatching is highly synchronized (Findlay and Cooke 1982a), the majority of goslings in any given season hatch in the middle time period. The level of synchrony is similar in all years. Table  2 is a list of the number of goslings tagged and the number recruited within each time period for each gosling cohort (1973-1979). The detected recruitment rates are also illustrated in Fig. 1 . For all cohorts except 1979, the numerically highest recruitment rate is associated with the earliest hatching sample, and in 4 of the 7 yr the latest hatching sample showed the lowest recruitment rates. Because a multidimensional contingency analysis of recruitment by time period by cohort indicated a marginally significant three-way interaction, (P = 0.062), suggesting that interyear or intercohort differences may occur, each cohort was assessed separately. We detected significant differences in recruitment rates among the three time periods only for the 1973, 1974, and 1978 cohorts. Interestingly, these cohorts originated in late seasons, (i.e. seasons in which the mean hatch date was later than average). The only other late season in the sample is 1979, in which the effect does not occur. We conclude that for some seasons at least, the highest recruitment rates are associated with young from the earliest hatching nests.
Recruitment rates depend both on survival to reproductive age and return to the natal breeding colony. Although natal philopatry is pronounced among female Snow Geese, it is The hypothesis that differential recruitment reflects differential survival (rather than differential philopatry) was tested using band-recovery data. A large number of marked individuals are shot each year and reported to the U.S. Fish and Wildlife Service. Most Snow Geese die before reaching reproductive age, but a few geese banded as goslings are shot after the age of 3 yr (considered the average age of first breeding). As indicated in Table 3 , recovery rates are highest among goslings from the early-hatching nests (0.48%) and lowest among the goslings from late-hatching nests (0.22%). These differences are not significantly different at the 5% level (X22 = 5.11, P < 0.1) but have the same trend as the recruited sample. Assuming, as do most demographers (e.g. Tanner 1978) , that recoveries represent a sample of the living population, these results suggest that the higher recruitment of goslings from early-hatching nests is due to the enhanced probability of survival of these goslings to reproductive age.
Because of this variability in the age of first breeding, one question of particular importance to the dynamics of the population is whether or not there is any relationship between the timing of reproduction and age of first breeding. That is, do goslings hatched from early nests tend to enter the breeding population at a different age from their late-hatching counterparts? To assess this question, we define N(x, t) as the number of female goslings hatched If it is assumed that the probability of capturing a female on the colony (provided that she is in fact present) is independent of the time at which she hatched as a gosling, differences in the age of maturation should be manifested in differing distributions of age of first capture as a function of hatch date. As indicated in Table 4 , there is no evidence of such a phenomemon. We conclude that there is no evidence that the timing of parental reproduction affects age of offspring maturation. Findlay and Cooke (1982b) showed that early-hatching nests had a lower effective brood size at fledging than mid-hatching nests. This was attributed to increased gull predation on early-hatching families, who are particularly vulnerable in the brood-rearing area. As more families hatch, predator swamping serves to reduce the incidence of brood loss. Among the early-hatching nests, complete brood loss is high, whereas those families in which at least one gosling survives to fledging have a higher than average brood size. Thus, disappearance of complete broods was cited as the explanation for the lower effective brood size at fledging of early-hatching nests.
Findlay and Cooke (1982b) point out that there is another potential explanation for the relatively high complete brood loss from the earlier-hatching nests. Only a relatively small sample of families is caught in the banding drives, and, if earlier-hatching families have a tendency to wander farther from the broodrearing area, they will have a lower probability of being caught. The higher apparent disappearance of early-hatching families might then arise from greater dispersal rather than higher mortality. Higher mortality was inferred, because a smaller proportion of the goslings webtagged from the earlier-hatching nests appeared in the banding drives. The recruitment data in this paper present a somewhat different picture, however. Here, the goslings from the earliest-hatching nests tended to show the highest recruitment rates, implying higher survivorship. These two apparently contrasting conclusions may, in part, reflect a violation of the assumption that the probability of a particular family being recaptured in our banding sample was (assuming it survived) independent of its hatch date.
Conceivably then, some of the early-hatching families considered to have suffered complete brood loss did, in fact, survive but dispersed out of the area in which banding drives were conducted. This hypothesis can be evaluated by considering two different recruitment groups. As mentioned previously, for seasons 1976-1979 we have two identifiable types of recruits: (1) those caught and color banded in their gosling year and subsequently recaptured or resighted as breeding adults, and (2) those web-tagged as goslings, not captured in their gosling year, but later caught as breeding adults and recognized by the web-tag, which they were still carrying. If early-hatching families do have a lower probability of being recaptured in our banding sample, sample 1 should contain a smaller proportion of early-hatched recruits than sample 2. Data in Table 5 indicate that for all four years (1976) (1977) (1978) (1979) , no differences were detected between the two samples. This suggests that goslings from early-hatching nests do not leave the area more frequently than those from later nests and thus strengthens the conclusions of Findlay and Cooke (1982b) that mortality due to predators, rather than dispersal, accounts for the low fledging success of the early-hatching nests in their study.
DISCUSSION
Our results suggest that goslings hatched from early nests tend to have the highest recruitment rates into the breeding segment of the La Perouse Bay colony. This enhanced recruitment probably reflects lower mortality among early-fledging goslings during the prereproductive stages of the life cycle. Greater recruitment among early-hatched young is most It is important to remember that annual fledging success and annual recruitment into the breeding population are both components of reproductive fitness related to different stages of the life history. We are not able at present to measure all the components. We do not know if timing of breeding is correlated with adult survival rates. The high repeatability of laying date and clutch size reported earlier does suggest, however, that annual measures of fecundity (fledging success and recruitment) are reasonable measures of life-time fecundity, unless, of course, these are inversely correlated with longevity.
In conclusion, it is salutary to recognize that the deductions we make concerning the action of natural selection are highly dependent upon the measure of fitness that we choose. In the example given in this paper, our data suggest that directional selection for early hatching is occurring at the La Perouse Bay colony. We feel that recruitment into the breeding colony is a better measure of annual reproductive fitness than fledging success and suggest that selective pressures influencing time of nesting are more complex than we previously envisaged. 
